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/[The methods described in this report are used in the enrichment
of radicactive isctopes.

Pables and figures referred to are appended_.,7

)
1t was shown in our earlier studies of the kinetics \qf isotoplc exchange
(1-4) that the exchange of an iodine lon with the central ‘iodine atom in KIO3
requires a high activation energy of about 32,000 cal/molio On the other hand,
the exchange of fodine with the iodine atom in CoHeI proceéds in an alcohol

solution with a low activation energy of the order of 19,000 cal/mole,

In the present work ve have smudieﬂ. the kinetics of ﬁe exchange 1n an
alcoholic solution of bromine ions with the bromine stoms |in propyl bromide.

One of the first works on the isotopic exchange of br"omine was published
by S. Z. Roglnskiy .(5). The results of qualitative worke bn bromine exchange
are stated in a review by S. Z, Roginskily and N. Ye. ‘Brezhheva (6), Several
works on the kinetics of the isotopic exchange of bromine ;ons with alkyl-
bromides of different structures have been published by Sugden, A summary of
the results he cbtained (7) shows that this exchange in di'fferent solvents
proceeds with an activation energy lying within the limits|of 18,000 to 23,000
cal/mole. The propyl bromide which we used was subjected to careful distilla-
tion, and 1ts'widdle fraction, with a boiling polnt of'f?o.8°; at 760 mm, was
gelected for the experiments. ‘
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Radioactive bromine was produced by irradiating bromobenzene from A npeutnon
source for 48 hours. It was then extracted with a 10.53-millimolar agueous 80=-
Jution of NaBr. The aqueous extract was evaporated to dryness, and the result-
ing NaBr* dissolved in 96% alcchol and transferred to a 100-1nl measuring flask.
Five ml of this sofubion were titrated with 0.1 N AgNO3. The resultant AgBr¥
precipltate was transferred quantitatively to & filter and served as a standard.

One tenth of a mole of inactive C3H7Br was dissolved in 96% alcohol in &
50.ml meesuring flask. The experiment was begun 36-48 hr after the irridia-
tion of the bromobenzene had been completed. In this time the 18-min and 4-hr
isotopes of bromine had almost completely decomposed. The experiments were con-
ducted with nearly pure 3k.hr Br82, The 95 ml of NaBr* solution (10 millimolar),
were heated in the reaction vessel to the required temperature, and 5 ml of the
alcchol solution of C3H7Br were poured in, This made up 100 ml of a solution
containing 10 millimoles each of NaBr* and C3H7Br.

A cross-sectional diagram of the experim~nial apparatus is shown ln Figure 1.
The : reactioh’swemsel .1. with the reflux condenser 4 was placed in flask 2,
which served as a vapor bath. This flask, whict was provided with a reflux con-
denser 3 connected by means of a ground glass Joint, had been filled earlier
with a ligquid of appropriate boiling point. In the experiments described below,
ethyl ether, chloroform, ethyl alcohol, and water were used for this purpose.
The temperature was checked on the thermoheter.5. The.NeBr* and CgHyBr solitions
were introduced into the reacticn vessel with the aid of a pipette through the
reflux condenser 4, For the latter operation the stopper 6 was taken out for

a short time,

At the specific moments when 1t was necessary to remove the stopper Jor
analysis, air was blown through the tube and cock 7, with the result that part
of the reacting solution was forced out through tube 8 into the burette 9.
Then, by opening clamp 10 air was injected, and a measured volume of the solu-
tion (5 ml) was transferred into the separatory iumnel 11. To separate the
NaBr from the C3H Br quantitatively, we proceeded in the following manner. The
5 ml of solutioh in the separatory funnel were cooled and shaken out after the
z3dition of 4 ml of water and 4 ml of benzene. Im the funnel two layers formed,
the lower being water-alcohpl, and the upper benzene. The lower layer was
poured out of the funnel, and the remaining benzene layer was washed 2-3 times
in water. The results of several analyses of these iwo layers are cited in

Table i,

As Table 1 shows, the methods used by us permit the quantitative sep-
aration of the reacting substances. The loss of propyl bromide as a result
of evapcration 1e explained by the fact that the mixture was not cooled in the
first experiments. This loss does not play a substantial role, since in all
the experiments we carried out an apalytical determination of C3H7Br and in-
treduced a correction for evaporation.

The water-alcohol layer was titrated with 0,1 N AgNOj, and the AgBr* preQ
¢ipitate was transferred quantitatively to a filter and 1¥s activity determined
by means of a counter.

R The benzene layer with 10 ml of a concentrated alcohol solution of alkaell
wag sealed in a fube and heated at 100° for 3 hr. During this time the propyl
bromide was completely saponified. When the ampule was opened, the water.
alcohol layer was removed and the benzene layer washed three times with water,
then added to the water-alcohol layer. To the latter was added a small excess
cf nitric acid, sfter which the content of bromine ions was determined by
titration with 0.1 N AgN03° The AgBr* precipitate was transferred to a filter,
and the activity of bromine was determined on & counter. The activity of the
standard was determined simultaneously., All the activities were referred to
+he moment of time corresponding to the beginning of the isotopic exchange re-
action.
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The results of our experiments at different temperatures are cited in
Table 2.

In the case when an isotopic exchange reactlon is bimclecular, and the
reacting substances are taken in equimolecular quantities, the constant should
be calculated frow the formula:

1254, L
k===¢ 8 7 - 2x/c &

Here x/c is the ratio of the activity of AgBr* obtained from the C3HTBr*
to the activity of the atandard. ’

Figure 2 shows that the ratio x/c as t increases tends toward 0.5. The
experimental results shown in Figure 3 are plotted on the coordinates -lg

{125/¢) an? t.

The experimentel points lie satisfactorily close to straight lines to in-
dicate the applicabllity of formula [I] to the given case. From the slope of
the lines we calculated the constants for the velocity of the isotopic exchange
reaction which are -eproduced in the last column of Table 2, The dependence
of the velocity constants on temperature is plotted in Figure 4 on the coordinates
1g k and 1000/1;., The experimental points lie on a straight line. Calculated
from the slope of the line, the activatlon energy E = 18,000 cal/mole.

8

If in the case being investigated we take o~=3°10" and the steric factor
p = 0.01, then the value of activation energy found is in satisfactory agree-
ment with the theory of *the activated compleX.

The isotopic exchange . .:tion in the given case is probably linked with
the ionization—mmpy;mzrmiﬁe gccording’ to' the: stheme:

CliyBr &= C3H7" + Br” 7

With the formation of molecules, C3H7Br* can be formed. This point of view
1s confirmed by the experiments of Ewans &nd Sugden {8), as well as by the re-
cently published work of Gand {9), in which he studied the dissociation into
ions of ethyl icdide in aguecus soluticns, By the electrical conductivity of
these soluticns he succeeded In demonstrating that the degrt_eﬁ of dissoclation
of CpHsI at room temper&ture has a value of the order of 107 .
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Table 1. Check of the Completenass of the Separation
of NaBr and C3HTBr

NaBr, in Millimoles C3H7Br, in Millimoles
Infro- Lower Upper Intro- . ;.inwer prer
Expt No _ Afted Layer layer duced Layer Layer
1 4,97 L,o4 0.02 4,50 0.01 L.43
2 0.72 0,71k 0.003 0,46 0.002 0.39%
3 0.72 0,712 0.003 0. bk 0.002 0.395

Table 2, Xinetics of Bromine:*Exchange
Between C3H7Br and NaBr

Activitz
) _Liters
Tenp in OC t, in Min C H Br* NaBr* EBr* Standard X-10" Mole.Sec
35 5 2 202 204 204 ol : :
120 17 100 207 204 - 0.213
11,110 28 178 206 204
1,230 36 170 206 204
61 25 2 172 1Ts 172
85 19 153 172 172
265 k2 138 180 172
470 65 117 182 172 2.13
650 65 106 171 172 . .
8ko 73 100 173 172
1,140 15 ok 173 . 172
1,440 82 89 171 172
79 15 3 406 437 437

30 3 332 36k 437
L5 73 3L 43k 87
60 75 357 432 437 8.4
15 80 3»8  Lo8 i87
N . 8 310 395 437
120 96 286 382 b3t -
180 106 272 378 437
k20 130 223 353 437

100 15 b1 146 187 188
30 58 131 189 188
50 76 115 191 188 36 .
100 89 100 189 188 ’
180 90 97 187 188 . ”J :
. s .
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Figure 1. Diagram of Appara%us for
Experiments on Isotopic Exchange
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Figure 4. Dependence of Rate of Isotopic 10 \
Exchange on Temperature, on Coordinates 48k \
1g k and 1000/T G
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